Background: Vetch is one of the promising forage legumes to mitigate the existing critical feed shortage problem in the Ethiopian highlands. The study was conducted to describe the morphological and agronomical traits and to examine the performances of vetch species and their accessions under nitosol and vertisol conditions in the central highlands of Ethiopia.
Background
The Ethiopian highlands, above 1500 masl, receive more than 700 mm annual rainfall and have a mean daily temperature of less than 20 °C [1] . About 88% of the human population, 70% of cattle and sheep, 30% of goats and 80% of equines are found in this region [2] . The central highland of Ethiopia is characterized by crop-livestock mixed farming systems. Livestock is an integral component for most of the agricultural activities in the country. The share of livestock sub-sector in the national economy is estimated to be 12-16% to the total gross domestic product (GDP), 30-35% to the agricultural GDP [3] , 19% to the export earnings [4] , and 31% of the total employment [5] . Despite enormous contribution of livestock to the livelihood of farmers, availability of poor quality feed resources remains to be the major bottleneck to livestock production in the highlands of Ethiopia [6] . Traditional livestock production system mainly depends upon poor pasturelands and crop residues which are usually inadequate to support reasonable livestock production [7] . These feed resources are high in fiber, with low-tomoderate digestibility and low levels of nitrogen [8] . Their crude protein and neutral detergent fiber content ranges between 2.5-2 7.5 and 72.6-77.8%, respectively. Such low-quality feeds are associated with a low voluntary intake, thus resulting in insufficient nutrient supply, low productivity and even weight loss [9] . Currently, with the rapid increase in human population and increasing demand of food, grazing lands are steadily shrinking being converted to arable lands and availability of adequate feeds has become a major setback to increased livestock production [10] . Berhanu et al. [11] reported that improved nutrition through adoption of sown forage could substantially increase livestock productivity.
Among many annual forage legumes, adaptation of vetch is better and promising than the others in the Ethiopian highlands. Vetch is an annual forage legume widely adapted to the highlands of Ethiopia [12] . One of its species, Vicia atropurpurea, can perform better in the warmer areas like Bako, while others also can grow, but their performance is relatively low compared to cooler areas. It grows well on the reddish brown clay soils and the black soils of the highland areas. It has been grown successfully in areas of acid soil with pH of 5.5-6 [13] . Forage legumes like vetch are rich sources of N for livestock with cheaper prices compared to concentrates especially in developing countries [14] . Getnet and Ledin [15] also found that vetch has a higher crude protein content compared to many other tropical herbaceous legumes. Integration of forage legumes into the cereal-based cropping system through different methods is one of the strategic interventions for optimizing the productivity of a given land use system. Before integration of forage legumes with different methods, study on plant height, days to maturity, growth habit and other characteristics of forage legumes are vital for selection of the companion crops or mixtures for good compatibility and improved yields of companion crops without significant effect of one on the other. Previous evaluations of vetches were done mainly on environmental adaptation and biomass yield, but there is no wide assessment of accessions of different vetch species with respect to growth features, forage and seed productivity, forage quality and digestibility. Accordingly, there is a need to evaluate vetch for basic quantitative traits to address the feed demand of mixed farming systems. Therefore, this study was conducted to describe the morphological and agronomical traits and to examine the performances of vetch species and their accessions under nitosol and vertisol conditions in the central highlands of Ethiopia.
Methods

Descriptions of the test environments
The experiment was conducted at Holetta Agricultural Research Center (HARC) and Ginchi subcenter during the main cropping season of 2009 under rain fed condition. HARC is located at 9°00′N latitude, 38°30′E longitude at an altitude of 2400 m above sea level. It is 34 km west of Addis Ababa on the road to Ambo and is characterized with the long-term (30 years) average annual rainfall of 1055.0 mm, average relative humidity of 60.6% and average maximum and minimum air temperature of 22.2 °C and 6.1 °C, respectively. The rainfall is bimodal, and about 70% of the precipitation falls in the period from June to September, while the remaining 30% falls in the period from March to May [16] . The soil type of the area is predominantly red nitosol, which is characterized by an average organic matter content of 1.8%, total nitrogen 0.17%, pH 5.24 and available phosphorus 4.55 ppm [17] . Ginchi subcenter is located at 75 km west of Addis Ababa in the same road to Ambo. It is situated at 9°02′N latitude and 38°12′E longitude with an elevation of 2200 m above sea level and characterized with the long-term (30 years) average annual rainfall of 1095.0 mm, average relative humidity of 58.2% and average maximum and minimum air temperature of 24.6 °C and 8.4 °C, respectively. The site has a bimodal rainfall pattern with the main rain from June to September and short rain from March to May [16] . The soil of the area is predominately black clay vertisol with organic matter content of 1.3%, total nitrogen 0.13%, pH 6.5 and available phosphorus 16.5 ppm [18] . The map of the study areas is given in Fig. 1 .
Experimental treatments and design
The study was executed using 20 accessions from five vetch species (Table 1 ). All accessions of Vicia narbonensis, Vicia villosa and Vicia sativa were introduced from International Center for Agricultural Research in the dry areas; and Vicia dasycarpa and Vicia atropurpurea accessions were initially introduced from Australia. Most of the accessions of vetch species were selected on the basis of their adaptation to the central highlands of Ethiopia from the previous screening trials. The experimental fields were prepared following the recommended tillage practice, and a fine seed bed was used at planting. At Ginchi site, sowing was done on camber beds to improve drainage and reduce water-logging problems of vertisol. The experiment was conducted on a randomized complete block design with three replications. Seeds were drilled in rows of 30 cm on a plot size of 2.4 m × 4 m = 9.6 m 2 , which consisted of 8 rows. Based on experimental design, each treatment was assigned randomly to the experimental units within a block. The species were sown according to their recommended seeding rates: 25 kg/ha for Vicia villosa, Vicia dasycarpa and Vicia atropurpurea; 30 kg/ha for Vicia sativa; and 75 kg/ha for Vicia narbonensis. At sowing, 100 kg/ha diammonium phosphate fertilizer was uniformly applied for all treatments at both locations. The first hand weeding was made 30 days after crop emergence, and the second weeding was done 30 days after the first weeding. The two rows next to the guard rows were used for determination of number of pods per plant, pod length per plant and number of seeds per pod. Similarly, the two rows prior to the inner two rows were used to evaluate proportion of morphological fractions, plant height, forage and morphological fraction yields. The remaining two rows were used for seed yield determination.
Data collection
Description of data collection procedure is presented in Table 2 . Data on morpho-agronomic traits for vetch species and their accessions were collected on plot and plant basis according to Getnet [19] .
Statistical analysis
Analysis of variance procedures of SAS general linear model was used to compare treatment means [20] . The F-test for homogeneity of variance was carried, and its value was computed as the ratio of the two error mean squares: the larger error mean square in the numerator and the smaller error mean square in the denominator [21] . According to Gomez and Gomez [21] , the error variances could be considered homogeneous when the error mean square ratio was not greater than the tabulated F value. Logarithmic transformation was used for data which could not exhibit homogeneity of variance for agro-morphological parameters according to Gomez and Gomez [21] . Duncan's multiple range test at 5% significance was used for comparison of means. The data were analyzed using the following model. 
Results and discussion
Weather of the experimental sites
The 10-year average annual rainfall and average maximum and minimum daily air temperatures, relative humidity and evaporation values at the experimental site of Holetta were 962. 
Physicochemical properties of soils of the experimental sites
Soil physicochemical properties of the two experimental sites are presented in Table 3 . The soil is clay in texture at both locations. Soil texture or the relative amounts of sand, silt and clay play a very important role in plant nutrition due to its effect on the ability to retain both water and nutrients [22] . The total nitrogen and organic carbon contents of the soils were comparatively higher at Holetta, while pH, available phosphorus and cationexchange capacity (CEC) were relatively higher at Ginchi, and the same result was also reported by Muluneh [23] . Total nitrogen content at Ginchi was reduced by leaching, runoff and water-logging (denitrification) processes. Under anaerobic condition, the microorganism decompose high amount of organic matter (OM) to get the required amount of energy, but its accumulation is high under aerobic, acidic and cold environment because of low decomposition rate due to low activity of microorganism [22] . Soil pH affects the availability of the nutrients in the soil. Lower pH generally causes lower CEC, and P-fixation is affected by amount of Fe/Al oxides, clay mineral types, soil pH, organic matter and moisture content of the soil [24] . The total nitrogen, organic carbon, available phosphorus and pH of the soil slightly increased after harvesting of the crops. The total nitrogen, organic carbon, available phosphorus and CEC decreased, while pH increased with increasing soil depth.
Days to forage and seed harvest
Days to forage harvest for species of vetch showed significant (P < 0.05) difference at both locations (Table 4) . Though Ginchi site is relatively warmer than Holetta, Table 4 Least square means for days to forage and seed harvest of five vetch species grown at Holetta and Ginchi
Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 were required after emergence of the seedlings for forage harvesting at Holetta and Ginchi, respectively. Vicia narbonensis was significantly early (P < 0.05), while Vicia atropurpurea significantly late (P < 0.05) for forage harvest at both locations. Getnet et al. [25] also reported that species such as Vicia narbonensis and Vicia sativa are relatively early maturing than other vetch species. The variation in forage maturity is an important agronomic trait to select companion crops for maximum production. Getnet et al. [25] also reported that days to maturity had an advantage of selecting companion or mixture crops that best synchronizes to the days to maturity for better compatibility and forage yield. Days to forage and seed harvest for accessions of vetch species also showed significant (P < 0.05) difference at Holetta and Ginchi ( The days to seed maturity of vetch species also showed very similar trend to days to maturity for forage at both locations (Table 4) . Vicia narbonensis showed significantly earlier (P < 0.05) than the remaining species at both locations. On the other extreme, Vicia villosa was
Table 5 Average days to forage and seed harvests of twenty accessions of vetch species grown at Holetta and Ginchi
Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 However, harvesting of such legumes at optimum maturity period can reduce the loss of seed as well as the weed effect on the succeeding crop. Generally, establishment of seed maturity calendar based on genetic and environmental factors may reduce these problems.
Plant height at forage harvest
Plant heights (stretched and un-stretched) for vetch species at forage harvest showed variation (P < 0.05) at both locations ( Table 6 ). The vetch species growth habit can be broadly grouped as erect, creeping or climbing. For instance, Vicia dasycarpa, Vicia villosa and Vicia atropurpurea have creeping or climbing growth habit, whereas Vicia narbonensis and Vicia sativa have an erect growth habit. Hence, due to these differences in growth habit, two types of plant heights (stretched and un-stretched) were taken to evaluate their height performance at both locations. The tallest stretched plant height at forage harvest was recorded for Vicia dasycarpa followed by Vicia villosa and Vicia atropurpurea at Holetta. At Ginchi, Vicia atropurpurea was the tallest followed by Vicia dasycarpa and Vicia villosa. On the other hand, Vicia sativa and Vicia narbonensis were the shortest at both testing sites. Similarly, plant heights (stretched and un-stretched) for accessions of vetch at forage harvest also showed significant (P < 0.05) difference at both locations (Table 7) . Among Vicia narbonensis accessions, 2387 was the shortest at both locations, whereas 2384 and 2380 were the tallest at Holetta and Ginchi, respectively. On the other hand, accession 2434 (V. villosa) and atropurpurea (V.
atropurpurea) were the tallest stretched plant height at Holetta and Ginchi, respectively. When un-stretched plant height was measured, accession 61904 (V. villosa) at Holetta and Lana (V. dasycarpa) at Ginchi were the tallest. All Vicia narbonensis accessions gave the lowest (P < 0.05) stretched plant height at forage harvest at both locations. Among Vicia narbonensis accessions, the highest and lowest plant heights at forage harvest were recorded for 2384 and 2387 at Holetta while 2380 and 2387 at Ginchi, respectively. The average stretched plant height was higher at Ginchi compared to Holetta, which could be attributed to higher and extended rainfall and favorable growing conditions. In addition to genetic variability, soil fertility and environmental conditions could also contribute to the difference in height. There are different methods to integrate forage legumes with food crops especially with cereals. During integration, plant height as well as growth habit should be considered, because it has an impact on compatibility. Studies at Holetta showed that shorter oats varieties were more compatible with vetch than taller varieties regardless of other features such as soil fertility status and fertilizer application [19] . Methods of forage legumes integration with food crops varied with growth habit of the forage legumes. For instance, species which has an erect growth habit is more compatible with small cereals in intercropping/under-sowing systems, while creeping or climbing growth habit has better compatibility with large cereals in intercropping/undersowing systems. Generally, for good compatibility, plant height and growth habit of forage legumes should be considered for optimum yield of companion crops without significant effect of one on the other. 
Biomass production rate and herbage yield
The biomass production rate and forage dry matter yield of vetch species were also highly determined by environmental and genetic variability. Higher biomass production rate and forage dry matter yield were recorded at Ginchi than Holetta. Biomass production rate for vetch species showed significant (P < 0.05) difference at both locations and ranged from 12.8 to 50.3 kg ha
day −1 at Holetta and 15.4 to 63.2 kg ha −1 day −1 at Ginchi (Table 8) . A higher rate was recorded for Vicia villosa and Vicia sativa at Holetta and Ginchi, respectively. On the other extreme, Vicia atropurpurea had significantly lower (P < 0.05) rate than all species except Vicia dasycarpa at both testing locations. On the other hand, accessions of vetch species were not significant (P > 0.05) for biomass production rate at both locations (Table 9) . Vicia narbonensis is early-maturing vetch species, and among its accessions, 2387 and 2376 had the highest and lowest biomass production rate, respectively, at both locations. Vicia sativa is another early-maturing vetch species, and its accessions 64266 and 61039 had the highest and lowest biomass production rate, respectively. Generally, the highest biomass production rate was recorded for accession 64266 (V. sativa), which had 60. 4 ) and forage dry matter yield at forage harvest of five vetch species grown at Holetta and Ginchi Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 day −1 at Holetta and Ginchi, respectively. Generally, early-maturing vetch species had comparatively higher biomass production rate, while late-maturing species had lower biomass production rate at both locations. Similarly, accessions of early-maturing species had comparatively higher biomass production rate, while latematuring accessions had lower biomass production rate at both locations. Tamene [26] reported that there was significant positive gain in biomass production rate and strong association between grain yield and biomass production rate in faba bean. Generally, intermediate-tolate-maturing vetch species gave relatively better forage DM yield than early-maturing vetch species at both locations. This could be explained in terms of the longer duration of growth which probably enabled the late-maturing varieties to take full advantage of the better growing conditions [27] . Fekede [28] also reported that intermediateto-late-maturing oats varieties gave comparatively higher forage yield than the early-maturing oats varieties.
Forage DM yields were different (P < 0.05) at both locations and ranged from 1.39 to 5.84 and 1.99 to 7.62 t ha −1 at Holetta and Ginchi, respectively (Table 8) . Among vetch species, dry biomass forage yield varied across the testing sites at forage harvesting stage. The higher forage DM yield was obtained at Ginchi than Holetta. Accordingly, on average, the species gave 33.6% more herbage DM yield at Ginchi compared to Holetta. Vicia villosa gave relatively higher forage DM yield followed by Vicia dasycarpa, Vicia atropurpurea, Vicia sativa and Vicia narbonensis at Holetta. At Ginchi, Vicia villosa produced relatively higher forage DM yield followed by Vicia atropurpurea, Vicia dasycarpa, Vicia sativa and Vicia narbonensis. On the other hand, forage DM yield of vetch accessions showed significant (P < 0.05) difference at both locations (Table 9 ). At Holetta, accession 2424 (V. sativa) gave relatively higher DM yield than the remaining accessions, while at Ginchi, accession 61744 (V. sativa) was the highest yielder. Among vetch accessions, dry biomass forage yield varied across the testing sites. The higher forage DM yield was obtained at Ginchi than Holetta. 
) and DM yield (t/ha) of twenty accessions of vetch species grown at Holetta and Ginchi
Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 Generally, intermediate-to-late-maturing accessions of vetch species gave relatively better forage DM yield than early-maturing accessions of vetch species at both locations. Getnet and Ledin [15] reported that soil type was found to be the most important factor affecting biomass yield, and hence, herbage production on the well-drained red soil was almost double compared to the black soil. However, in this study, comparatively higher biomass yield was obtained on black soil (Ginchi) than red soil (Holetta) during the cropping season. Because forage crops of this study were sown on camber bed which minimized the water-logging problem of vertisol and resulted relatively in higher biomass yield.
Grain filling period and total grain sink filling rate
The grain filling period of vetch species differed significantly (P < 0.05) at both locations, ranging from 46.9 to 72.4 days with a mean of 56.2 days and from 70.0 to 79.8 days with a mean of 76.1 days at Holetta and Ginchi, respectively (Table 10 ). The highest grain filling period was recorded for Vicia villosa at Holetta and Vicia sativa at Ginchi, whereas the lowest period was recorded for Vicia sativa and Vicia narbonensis at Holetta and Ginchi, respectively. In general, most of the species started flowering early and had shorter grain filling period. However, some of vetch species in this study showed early to start flowering, but took longer period to fill the grain. Location had an effect (P < 0.05) on grain sink filling rate of vetch species, which ranged from 7.2 to 16.4 kg ha −1 day −1 with a mean of 11.4 kg ha −1 day −1 at Holetta and from 26.0 to 41.0 kg ha −1 day −1 with a mean of 31.6 kg ha −1 day −1 at Ginchi (Table 10 ). The rate was the highest for Vicia sativa (16.4 ) at Ginchi. Grain sink filling rate is directly related to the seed yield. On the other hand, grain filling period and grain sink filling rate significantly (P < 0.05) vary among accessions of vetch species at both locations (Table 11 ). The highest grain filling period was recorded for accession 2424 (V. villosa) at Holetta and accession 64266 (V. sativa) at Ginchi, whereas the lowest period was recorded for Vicia narbonensis accessions 2376 and 2387 at Holetta and Ginchi, respectively. The highest and lowest grain sink filling rates were recorded for accession 61509 (V. sativa) and 2387 (V. narbonensis) at Holetta and accession 2380 (V. narbonensis) and 61039 (V. sativa) at Ginchi, respectively. Grain sink filling rate is directly related to the seed yield. Improvement in grain sink filling rate is an important task for maximum seed yield production of any crop. According to Yifru [29] , tef grain yield improvement over 35 years of research has been associated mostly with corresponding increase in panicle grain sink filling rate and panicle yield. Tamene [26] also reported that sizeable improvement was made in economic growth rate and biomass production rate in faba bean breeding. Westgate [30] for some cereals and Wang et al. [31] in tufted vetch reported that the effect of environmental stress reduced the period and duration of seed filling as a consequence, poor seed size and weight resulted. The consequences of stress on grain filling are associated with leaf senescence and with a decrease in metabolic activity of the embryo and endosperm cells which promotes the premature desiccation of seed [32, 33] .
Seed yield and thousand seed weight
The seed yield of vetch species differed significantly (P < 0.05) at Holetta, but not at Ginchi, which ranged from 0.4 to 0.8 t ha −1 with a mean of 0.6 t ha −1 at Holetta and from 2.0 to 2.9 t ha −1 with a mean of 2.4 t ha −1 at Ginchi (Table 12 ). The highest seed yield was obtained from Vicia sativa (0.8 t ha ) at Holetta and Vicia atropurpurea (2.0 t ha −1 ) at Ginchi. On the other hand, seed yield differed significantly (P < 0.05) among the accessions of vetch species at both locations (Table 13) . At Holetta, accession 61094 (V. sativa) and 2387 (V. narbonensis) gave the highest and lowest seed yield, respectively. The highest seed yield was obtained from accession 2380 (V. narbonensis), whereas the lowest from accession 61039 (V. sativa) at Ginchi. Generally, vech accessions showed higher seed yield and thousand seed weight at Ginchi than Holetta. 
) of five vetch species at Holetta and Ginchi
Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 Thousand seed weight of vetch species showed a significant (P < 0.05) difference at both locations, which ranged from 44.1 to 222.8 g with a mean of 81.7 g at Holetta and from 42.5 to 242.2 g with a mean of 86.3 g at Ginchi (Table 12 ). The highest thousand seed weight was for Vicia narbonensis at both locations, whereas the lowest for Vicia dasycarpa and Vicia villosa at Holetta and Ginchi, respectively. Though Vicia narbonensis had the highest thousand seed weight, its seed yield was relatively lower due to lower establishment performance at Holetta. On the other hand, accessions of vetch species also varied significantly (P < 0.05) in thousand seed weight at both locations (Table 13 ). The highest thousand seed weight was recorded for accession 2376 (V. narbonensis), whereas the lowest was recorded for accession 61039 (V. sativa) at both locations. The difference could be due to the inherent variation in seed size complemented with the environmental and soil conditions. Unless the establishment performance is poor, species with high thousand seed weight has higher seed yield. Getnet et al. [25] and Fekede [28] also reported that most 
) of twenty accessions of vetch species grown at Holetta and Ginchi
Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 of the oats varieties with high grain yield showed higher 1000 kernel weight. In general, vetch species (V. narbonensis and V. sativa) which have erect growth habit and early maturing had comparatively higher thousand seed weight than creeping growth habit and intermediate-tolate-maturing vetch species. The difference could be due to the inherent variation in seed size complemented with the environmental and soil conditions. This agronomic trait is important for seed rate determination of vetch species. Fekede [28] also reported that thousand seed weight has got practical significance in estimating seeding rate for each oat variety in order to ensure that equal number of seeds could be sown per unit area.
Conclusion
Average total DM yield and its botanical fraction yields were higher at Ginchi than Holetta. Vicia villosa gave relatively higher total DM yield (5.8 and 7.6 t ha ) at Holetta and Ginchi, respectively, at forage harvesting stage. Vicia sativa (0.8 t ha ) and Vicia narbonensis (2.9 t ha −1 ) gave the highest seed yield at Holetta and Ginchi, respectively. Vicia narbonensis had shorter vegetative and grain filling period, whereas Vicia atropurpurea and Vicia villosa had longer vegetative and grain filling period, respectively. Generally, vetch species and their accessions varied in most measured parameters. These differences are very important to select the type of companion crops and methods of integration to improve yields of both crops (food and forage) without significant effect of one on the other. Compatible crops can give higher yields per unit area when proper management and selection of crops and methods were employed during integration. The overall generated information on vetch species and their accessions in this study is very important for integration of vetch with cereals and nonlegumes forage crops. Among vetch species and their accessions, Vicia villosa, Vicia dasycarpa and Vicia atropurpurea species and their accessions have a potential for integration with other crops. However, the selected species and their accessions should be tested by integrating with different crops (food and forage) over locations and ) and thousand seed weight (g) of twenty accessions of vetch species grown at Holetta and Ginchi Means followed by a common superscript letters within a column are not significantly different from each other at P < 0.05 
